: The lower panel shows individual ages and reported errors (2σ for total-gas or plateau model ages and 1σ for inverse-isochron model ages) for the Steens basalt in brown (data from Brueseke et al., 2007; Jarboe et al., 2008; 2010) and the Columbia River Basalts in blue (from Barry et al., 2010) . All reported ages are recalculated using λ = 5.543e
-10 a -1 (Steiger and Jäger, 1977) and referenced to 28.02 Ma for the Fish Canyon Tuff (Renne et al., 1998) . Duplicate dates from the same flows have been removed to minimize sampling bias. The upper panel shows the probability density functions for the Steens basalt and Columbia River Basalt. Based on this compilation, the predominant volume of flood basalt magmatism in the western U.S. erupted over short intervals: 16. Ar data presented in this study (see Table DR2 ), and the striped box represents the age range for McDermitt and Lake Owyhee volcanic fields based on the ages summarized in Table DR4 . We obtained a 40 Ar/ 39 Ar age of 16.55±0.02 Ma for the Oregon Canyon Tuff, which erupted from McDermitt Caldera and is stratigraphically the oldest mid-Miocene ignimbrite. The youngest reported age for alkali rhyolite to metaluminous volcanism at the Lake Owyhee volcanic field is ca. 15.0 Ma (Cummings et al., 2000;  Table DR4 ). Younger units erupted in the Lake Owyhee volcanic field are predominantly calc-alkaline in composition and are related to initial subsidence of the Oregon-Idaho Graben (Stage 1 and 2 of Cummings et al., 2000) . This plot illustrates that rhyolitic magmatism at the McDermitt, High Rock, and Lake Owyhee centers overlaps the main phase of Steens and Columbia River flood basalt magmatism.
Renne, P.R., Swisher, C.C., Deino, A.L., Karner, D.B., Owens, T.L., and DePaolo, D.J., 1998. Intercalibration of standards, absolute ages and uncertainties in 40 Ar/ 39 Steiger, R.H., Jäger, E., 1977. Subcommission on geochronology: convention on the use of decay constants in geo-and cosmochronology. Earth Planetary Science Letters, v. 36, Ar dating. Chemical Geology, v. 145, .
DR 2. Summary of the stratigraphy, argon ages, and volumes of eruptive units at High
Rock caldera complex. Rytuba and McKee (1984) .
x 40
Badger Mountain Whole-rock samples were collected from devitrified rhyolite lava flow interiors, welded ignimbrite exposures, or, where available, single pumice lapilli (sample locations are provided in Table DR3 ). Samples were crushed, ground, and sieved to 0.5-1.0 mm; non-magnetic minerals were concentrated using the sloped Frantz. Sanidine mineral concentrates were hand selected and packaged in pure copper foil, encapsulated in an evacuated quartz tube, loaded into a cadmiumshielded aluminum irradiation tube, and irradiated for 8 hours at the U.S. Geological Survey TRIGA Reactor (GSTR) at Denver, CO (Dalrymple et al., 1981 Samples were analyzed on a Nu Instruments Noblesse multicollector noble-gas mass spectrometer at Stanford University, configured with a high-mass faraday cup (10 ). The irradiation tube was positioned near the reactor centerline, and the tube was rotated continuously during irradiation. Taylor Creek sanidine (TCs-2) was used as the neutron fluence monitor. We use an age of 28.32±0.02 Ma for TCs-2 based on an internal measure of the Taylor Creek to Fish Canyon (TCs-2/FCs-2) R-value (Coble et al., 2011) relative to a model age of 28.02 Ma for Fish Canyon sanidine (Renne et al., 1998) . Using this approach, our data can be compared accurately to other studies that use Fish Canyon as a fluence monitor (Coble et al., 2011) .
11 Ohm resistor) and three discrete dynode electron multipliers operated in ion-counting (IC) mode in a fixed detector array (designated IC0, IC1, IC2 from high to low mass). All analyses (see Table  DR3 ) are performed by total fusion of single sanidine grains using a 10W Synrad® CO 2 laser. The liberated gas was gettered for 6 minutes using a SAES GP50 getter cartridge and a ST172 sintered porous getter operated hot (2W and 5W, respectively). The extraction geometry delivers 76% of the sample gas to the mass spectrometer, with samples sizes ranging from 6.9 x10 -16 to 1.1 x10 -14 moles 39 The method for detector intercalibration used in this study is discussed in Coble et al. (2011) . See electronic supplementary Figures 4 and 5 from Coble et al. (2011) for a summary of calibration data used in this study. All samples (except MC407, see below) were measured in multicollection mode on the Stanford Noblesse using an analysis routine in which The high-mass ion beam (typically Ar ratios are corrected for background, dead time, and radioactive decay.
40 Ar) can be measured using either IC0 or the faraday.
Most analyses of 40
Ar in this study were analyzed using the faraday, with all other argon isotopes measured on ICs. For sample MC407, 11 grains were analyzed with 40 Ar measured on the faraday, and 10 grains with 40 Ar measured on IC0 (see Table DR3 ). The volumes of silicic ignimbrites discussed in the text and presented in Table DR4 are calculated based on exposed outflow volumes. These calculated outflow volumes are minimum estimates because they do not take into account poorly welded ignimbrite that has since been eroded. Most of the ignimbrites are weakly to strongly peralkaline, lacking large volumes of associated fall deposits and making them prone to dense welding (Mahood, 1984) . As a result, unaccounted eroded ignimbrite and distal fall deposits may be a source of only minor error. Of far greater importance is the potential volume of intracaldera ignimbrite buried beneath postcaldera lavas and lake deposits, which could be similar in size to the outflow volume. We do not include estimates for intracaldera material because such exposures are not known for midMiocene centers in northwest Nevada and southern Oregon with the exception of McDermitt Caldera, where intracaldera ignimbrite is partially exposed as a result of younger Basin-andRange faulting (Rytuba and McKee, 1984) . Volumes reported for silicic lavas include those erupted inside calderas as well as lavas erupted outboard of calderas or with no known relation to a caldera. Because the preserved ignimbrites are mostly moderately to densely welded and these mid-Miocene lavas no longer have pumiceous carapaces, we have equated preserved rock volume with volume of magma erupted.
Volumes for the silicic units in the High Rock caldera complex (HRCC) are based on new mapping presented in this study and Coble (2012) . The mapped distributions and estimated thicknesses of individual rhyolitic ignimbrites in the HRCC were compiled to produce isopach maps based on the thickest measured stratigraphic section for a given area (typically measured in stream drainages or along normal fault exposures). The resulting isopach maps were used to calculate volumes using the ArcGIS® software 3D Analyst tool. Applying this method, the area was calculated for each isopach (converted digitally into polygons), which were drawn at 5-, 10-, or 25-m increments. These volumetric polygons were summed to calculate the total volume for each ignimbrite. Although there is error associated with this approximation, particularly at the edges of the polygons, it is typically less that ~5%. This error is significantly less than uncertainties that arise from the geology: (1) because basal contacts are rarely exposed, volumes calculated from the isopach maps are minimum estimates; and (2) an unknown volume was lost to erosion of poorly welded facies. Given these uncertainties, the total volumes reported in Table  DR4 may be underestimates by as much as ~15-25%.
The approach for calculating the volumes of individual rhyolitic lava flows in the HRCC is similar to that of the ignimbrites, except we used 3D Analyst tool to extrapolate the volume beneath a topographic surface, defined by the area enclosed by a polygon. The topographic data used for these calculations was a 10-m digital elevation model (DEM) using the 1/3 arc-second National Elevation Dataset, available online from http://seamless.usgs.gov/. The polygons used for these calculations were defined by the mapped outlines of the rhyolitic lava flows. The base of a polygon was defined by the average elevation of the defining polygon for individual flows. If a large change in the base topography was present (either a paleosurface or faulting), the polygon was divided into separate units to more accurately calculate the original volume.
For McDermitt Caldera Field, we have adopted in Table DR4 the volumes of calderaforming ignimbrites based on isopach maps provided by Rytuba and McKee (1984) Table DR4 ) from a porphyritic postcaldera rhyolitic lava flow exposed near the Moonlight Mine (H95-103), which provides a minimum age for the eruption of the Tuff of Long Ridge. Overall, based on our new 40 Ar/
39
Voluminous mid-Miocene silicic volcanism in eastern Oregon and western Idaho has been well recognized for more than three decades (e.g., Ekren et al., 1981; Pierce and Morgan, 1992; Ferns et al., 1993a; 1993b; Cummings et al., 2000) . Several calderas have been described in the Lake Owyhee Volcanic Field (Vander Meulen, 1989; Rytuba and Vander Meulen, 1991; Rytuba, 1994) , but there are few detailed investigations of individual calderas and related eruptive units. We have compiled available geologic mapping, K-Ar and Ar dating and previously published (Castor and Henry, 2000; Nash et al., 2002; Henry et al., 2006) We have also compiled a dataset of thicknesses for silicic units in the Lake Owyhee Volcanic Field and other smaller centers (Fig. 1 ) based on published thicknesses or on measurements taken from geologic and topographic maps. Using this dataset we extrapolated aggregate thickness maps for these mid-Miocene silicic centers. In areas where little thickness data is available, we have used the thinning rate we calculated from isopachs of HRCC to estimate the total volume, as we note that mid-Miocene silicic units in the HRCC and McDermitt Caldera generally decrease in thickness radially away from caldera centers over distances of 10 to 60 km. These new estimates of the volume of magma erupted from the Lake Owyhee Ar geochronology, and descriptions for silicic mid-Miocene silicic deposits in eastern Oregon and eastern Idaho. Using this data, we have drawn the striped area in Figure 1 to approximate the distribution of voluminous ignimbrites and rhyolitic lavas that have been described and/or mapped and that have well-constrained stratigraphic or radiometric ages between 16.6-15.0 Ma. Volcanic Field, including the Mahogany Mountain, Three Fingers, and Castle Rock Calderas are presented in Table DR4 . The volume of silicic deposits associated with the Honeycomb volcanic center Cummings et al., 2000) is included in the volume estimate for the Mahogany Mountain Caldera. We also include the DeLamar/Silver City and Saddle Butte centers within the Lake Owyhee Volcanic Field. Saddle Butte has been suggested to be a caldera by Rytuba and Vander Meulen (1991) and , but based on the available geologic mapping in this area (Ferns et al., 1993a ; references therein), we interpret Saddle Butte to be a rhyolite lava dome field, with associated small-volume pyroclastic deposits.
In addition to the three major caldera centers-HRCC, McDermitt, and Lake Owyhyeenumerous small-volume silicic centers with ages between 16.7 and 15.0 Ma have been identified in eastern Oregon, western Idaho, and northern Nevada (Fig. 1) Units for which only published K-Ar ages are available are a challenge to assign with accuracy to a particular time period, because the ages typically have 2σ errors of ± 0.5-1.0 m.y. We utilized K-Ar data in our compilation only for those units for which Ar ages have been reported in abstracts, which do not provide sufficient data to accurately locate individual samples or interpret their regional context.
40
Ar/ 39 We have included several silicic centers in the Northern Nevada Rift (Zoback et al., 1994; John et al., 2000) , including centers near the Ivanhoe mining district and Snowstorm Mountains, the Sheep Creek Range, and the Santa Rosa-Calico Volcanic Field (Fig. 1) . We estimated the volume of silicic magma erupted from the Santa Rosa-Calico Volcanic Field to be ~30 km Ar ages are not available, and we carefully examined the published geologic mapping and/or descriptions to evaluate the stratigraphic relations. For example, Evans (1992) reports a K-Ar age of 14.7±0.4 Ma on the stratigraphically youngest unit in an approximately 2,400-m-thick section of strongly welded ignimbrites, rhyolitic lavas, and tuffs exposed near Dooley Mountain, suggesting that much of the Dooley Mountain Volcanics are older than 15.0 Ma. 3 We have included the Hawks Valley-Lone Mountain Volcanic Complex (Table DR4) described by McHugh et al. (2010) as a small-volume silicic center. Wypychet et al. (2011) provide a new map of this area, along with new based on mapping and thickness variations described in and . The dominance of lavas, the lack of evidence for caldera collapse or voluminous pyroclastic deposits , and the small erupted volume place it among the small-volume centers.
40 Ar/ 39 Ar and K-Ar ages by for rhyolite and trachyte lavas. Based on their map and our own mapping in this area, we estimate the total volume of silicic magma erupted as rhyolitic lavas in the Hawks Valley-Lone Mountain area to be ~12 km 3 Jarbidge, in northeast Nevada, constitutes the one center in the period under study that erupted large volumes of rhyolite lava (the Jarbidge Rhyolite of Coats (1964) ) but does not contain documented evidence for a caldera. New mapping by Callicoat (2010) has correlated several distinct rhyolitic lavas that cover 1,289 km . This volume excludes ignimbrite deposits which occur on the edge of the area mapped by Wypychet et al. (2011) , interpreted to be the Idaho Canyon Tuff erupted from the HRCC based on new mapping summarized in Figure 2 . We note, however, that the silicic lavas and outflow ignimbrites exposed in the region are chemically very similar to units in the adjacent HRCC. Although we have indicated the Hawks Valley-Long Mountain Volcanic Complex as a separate center on Figure 1 for completeness, our preferred interpretation is that these rocks are outliers of Virgin Valley caldera volcanism, separated from the main HRCC by a cover of Pliocene low-K olivine tholeiites. Based on mapping by Wypychet et al. (2011) Ar ages. The oldest reported age has multiple peaks in the probability density function for the distribution of individual laser-fusion feldspar analyses (JC-08-25) and a MSWD of 14, which was interpreted to reflect hydrothermal alteration (Callicoat, 2010) . Clearly, additional high-precision dating is required to evaluate the validity of this older age. Using a technique similar to ours, Callicoat (2010) estimates the volume of the Jarbidge rhyolitic lavas as ~510 km 3 . This implies an average thickness of nearly 400 m, which is inconsistent with mapping by Coats (1964) . Although the thickest exposure is inferred to be ~600 m (Coats, 1965) , most exposures range from <40 m to 350 m (Coats, 1965; Callicoat, 2010) . Our estimate of the volume of the Jarbidge rhyolite, though smaller at ~280 km 3 We have not included the Circle Creek Rhyolite (Coats, 1968; Coats et al., 1977) , the Wildcat Creek Tuff (Evans, 1996) , the Juniper Mountain volcanic center (Manley and McIntosh, 2002) , or the Tuff of Swisher Mountain (Armstrong et al., 1980; Ekren et al., 1984) on Figure 1 or in Table DR4 because the available   (Table DR4) , still makes it volumetrically significant. 40 Ar/ 39 Ar and K-Ar ages and stratigraphic relations suggest they are younger than 15 Ma. Similarly, we have excluded younger, synextensional volcanic units in the Oregon-Idaho Graben, which are predominantly calc-alkaline in composition and have ages that range from 15.3 to 10.5 Ma (Cummings et al., 2000) . We consider these younger eruptions to be separate from the pulse of mid-Miocene silicic volcanism contemporaneous with flood basalt eruptions. Lake Owyhee Volcanic Field , Rytuba and Vander Meulen (1991) , Rytuba (1994) , Cummings et al. (2000) MM Ar ages and chemical compositions reported by Wypych et al. (2011) , and our own data, we interpret HL to be related to HRCC volcanism associated with the Virgin Valley caldera, and have included HL-related rhyolitic lavas in Figure 2 .
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